DEPARTMENT OF THE ARMY

U.S. Army Corps of Engineers

CECW-EP

Engineer Manual
No. 1110-1-1000

Washington, D.C. 20314-1000

EM 1110-1-1000

31 March 1993

Engineering and Design
PHOTOGRAMMETRIC MAPPING

Subject Paragraph
Chapter 1
Introduction
Purpose . . ...... ... . ... . .. 11
Applicability . .................. 1-2
References. .. ................. 1-3
Explanation of Abbreviations

andTerms . .................. 1-4
Scopeof Manual. . .............. 1-5
Life Cycle Project Management

Integration of Photogrammetric

Mapping Throughout the Project

Life ... ... 1-6
Metrics . . ... ... 1-7
Trade Name Exclusions . ......... 1-8
Accompanying Guide

Specifications. . ............... 1-9
Manual Development and

Proponency. . . ................ 1-10
Distribution . . . ................. 1-11
Chapter 2

Photogrammetric Accuracy Standards
and Classifications

General. .. ........... ... ... ... 2-1
Photogrammetric Mapping
Standards. . . ........... ... ... 2-2
USACE Photogrammetric Mapping
Standard. . . ......... .. ... ..., 2-3
ASPRS Accuracy Standards for
Large-Scale Maps. .. ........... 2-4

United States National Map
Accuracy Standards . . .......... 2-5

Table of Contents

Page

1-1
11
1-1

11
1-1

1-2
1-2
1-2
1-2

1-2
1-2

2-1

2-1

2-1

2-2

2-5

Subject Paragraph
American Society of Photogrammetry

Specifications for Aerial Surveys

and Mapping by Photogrammetric

Methods for Highways. . .. ....... 2-6
DOT Map Standards. . ........... 2-7
United States National Cartographic

Standards for Spatial Accuracy. ... 2-8
Typical Mapping Scales, Contour

Intervals, and Accuracy

Classifications for USACE

Functional Applications. . ... .. ... 2-9
Supplemental USACE Photogrammetric

Mapping Criteria. . .. ........... 2-10
USACE Orthophoto and Orthophoto

Map Accuracy Standards .. .. .. .. 2-11
USACE Digital Data Product Accuracy

Standards. . ............... ... 2-12
Photogrammetric Mapping Coverage . .

Chapter 3

Quality Control and Quality

Assurance Standards

General. .. ... ... .. . oL 3-1
Contractor Quality Control. . . ... ... 3-2
Quality Assurance of Maps. . ... ... 3-3

Chapter 4

Aerial Photography

General. .. ... ... .. . o 4-1
Subcontracted Photography. . . .. ... 4-2

2-13

Page

2-6
2-6

2-7

2-8

2-8

2-16

2-19

2-20

3-1
3-1

4-1
4-1



EM 1110-1-1000

31 Mar 93
Subject Paragraph
Section |
Aircraft Flight Specifications
General. . ......... .. ... .. .. ... 4-3
Operational Procedures. . .. ....... 4-4
Flight Line Maps. . .. ............ 4-5
Section I
Aerial Cameras
General. . ......... .. ... .. .. ... 4-6
Camera Classifications . . . ... ... .. 4-7
Uses. . ... 4-8
Camera Mounting Requirements. . .. 4-9
Camera Criteria/Reporting. . . . .. ... 4-10
Section IlI
Photographic Film
General. . ......... .. ... .. ... .. 4-11
Types of Aerial Film . . . .......... 4-12
Allowable Film Emulsion
Types. . .. ... 4-13
Film Characteristics. . .. .......... 4-14
Type of Diapositives. . .. ......... 4-15
Diapositive Processing and
Quality . ... ... 4-16
Film Processing and Handling
Specifications and Criteria. . . . .. .. 4-17
CameraPanel.................. 4-18
Film Report . .................. 4-19
Film Documentation, Labeling, and
Annotation . . ................. 4-20
Photo Index Map Requirements. . ... 4-21
ContactPrints. . . ............... 4-22
Contract Deliverables . . ... ....... 4-23
Chapter 5
Ground Control Requirements
for Photogrammetric Mapping
General. . ......... .. ... .. .. ... 5-1
Coordinate Reference Systems. . . .. 5-2
Ground Control Requirements for
Photogrammetric Mapping. . . . . . .. 5-3
Marking Photo Control. . .. ........ 5-4
Survey Accuracy Standards. . . . .. .. 5-5
Deliverables . .. ................ 5-6
Chapter 6
Analytical Aerotriangulation
General. . ......... .. ... .. .. ... 6-1
Aerotriangulation Principles. . . ... .. 6-2
PassPoints. . . ................. 6-3
Ground Control Paints. . .. ........ 6-4

Page

4-1
4-1
4-3

4-4
4-4
4-5

4-5

4-7

4-7
4-10
4-10

4-10
4-11
4-12
4-12

5-1

5-1
5-2

5-5

6-1
6-1
6-2

Subject Paragraph
OtherPoints. . ................. 6-5
Instrumentation. . . .............. 6-6
Accuracy and Quality Control

Criteria. .. ........ . ... 6-7
Stereoplotter Settings . .. ......... 6-8
Deliverables . .. ................ 6-9
Chapter 7
Stereocompilation Procedures
General. .. .................... 7-1
Preparation. . .................. 7-2
Stereoplotter Accuracies. . ........ 7-3
Stereoplotter Output Devices. . . . ... 7-4
Line Map Compilation Procedures. .. 7-5
Digital Terrain Model Compilation

Procedures. .. ................ 7-6
Map Manuscript . . .............. 7-7
Map Edit ..................... 7-8
FinalMap..................... 7-9
Reproduction. . . ................ 7-10
Deliverables . .. ................ 7-11
Chapter 8
Aerial Mosaics, Indexes, and Photo
Plans
General. .. .................... 8-1
Source Photographs. . . .......... 8-2
Uncontrolled Mosaics and Photo

Indexes . .................... 8-3
Semicontrolled Mosaics. . . ........ 8-4
Controlled Mosaics. .. ........... 8-5
Air Photo Plans. . . .............. 8-6
Accuracy Specifications and Cost

Considerations . .. ............. 8-7
Labeling and Titling. . . .. ......... 8-8
Photographic Copying and Printing 8-9
Chapter 9
Orthophotographs and Orthophoto
Maps
General. .. .................... 9-1
Methods of Rectification . . ........ 9-2
Orthophoto Quality . .. ........... 9-3
Contours. . . ......... ... ..., 9-4
Enlargement Factor. . . . .......... 9-5
Position Accuracy. . ............. 9-6
Orthophotograph Preparation

Guidelines .. ................. 9-7
Deliverables . .. ................ 9-8
Equipment . .......... ... ...... 9-9

Page

6-3
6-3

6-3
6-7
6-7

7-1

7-1
7-5
7-6

7-8
7-13
7-13
7-13
7-16
7-16

8-1
8-1

8-1
8-1
8-1

8-1
8-2
8-2

9-1

9-1
9-1
9-1
9-1

9-1
9-1
9-2



Subject Paragraph
Chapter 10
Principles of Photogrammetry
General. .. ... ... .. 10-1
Section |
Elements of Photogrammetry
General. .. ... ... .. o 10-2
Definition .. ........... .. .. .... 10-3
Geometry of Aerial Photography. ... 10-4
Single Vertical Aerial Photography 10-5
Exterior Orientation of Tilted

Photographs. .. ............... 10-6
Stereoscopic Vision. . . . ........ .. 10-7
Geometry of Aerial

Stereophotographs .. . .. ......... 10-8
Fundamental Photogrammetric

Problems .. ............... ... 10-9
Photogrammetric Solution Methods ... 10-10
Terrestrial Photogrammetry. . . .. ... 10-11
Section I
Stereoscopic Plotting Instruments
General. .. ... ... .. . o 10-12
Types of Stereoplotters. . .. ....... 10-13
Stereoplotter Operations . . . .. ... .. 10-14
Stereoplotter Accuracies. . .. ...... 10-15
Stereoplotter Output Devices. . . . . .. 10-16
Section IlI
Ground Control Datums and
Coordinate Reference Systems
General. .. ... ... .. . L 10-17
Coordinate Datums and Reference

Systems. .. ... .. 10-18
Section IV
Principles of Aerotriangulation
General. .. ... ... .. o 10-19
Aerotriangulation Principles. . ... ... 10-20
Aerotriangulation Methods. . . .. .. .. 10-21
Section V
Map Substitutes—Mosaics,
Photo Maps, and Orthophotographs
General. .. ... ... .. .. L 10-22
Aerial Mosaics . . ............... 10-23
Uses of Mosaics. . . ............. 10-24
Methods of Mosaic Construction. ... 10-25
Types of Mosaics and Air Photo

PlanMaps . .................. 10-26
Orthophotographs. . .. ........... 10-27

Page

10-1

10-1

10-1

10-1
10-1

10-4
10-5

10-6

10-8
10-8
10-9

10-10
10-10
10-11
10-12
10-12

10-12

10-12

10-15
10-15
10-15

10-17
10-17
10-17
10-18

10-18
10-18

EM 1110-1-1000

31 Mar 93

Subject Paragraph  Page
Uses of Orthophotographs . ............. 10-28 10-18
Methods of Orthophotograph

Preparation ............. ... ......... 10-29 10-19
Chapter 11
Planning, Execution, Cost Estimating,
and Contracting Photogrammetric
Mapping Projects
General. .. ... ... .. . oL 11-1 111
Project Planning . . .. ............ 11-2 111
Photography. .. ................ 11-3 11-23
Ground Control and Targeting

Requirements. .. .............. 11-4 11-25
Stereo Compilation and

Aerotriangulation. . .. ........... 11-5 11-26
Field Edit and Completion. . . ... ... 11-6 11-26
Final Drafting and Reproduction . ... 11-7 11-26
Quality Control Actions. .. ........ 11-8 11-27
Factors in Estimating Costs of

Photogrammetric Projects. . .. .. .. 11-9 11-27
Contracted Photogrammetric Mapping

Services. . . ... 11-10 11-29
PL 92-582 Qualification-Based

Selection . ................... 11-11  11-29
Contract Types. . . .............. 11-12  11-30
Unit Price Basis. . .. ............. 11-13 11-30
Verification of Contractor Cost or

PricingData. .. ............... 11-14 11-30
IDT Ordering . ................. 11-15 11-31
Appendix A
References
Appendix B
Glossary
Appendix C

Cost Estimating Principles

Appendix D
ASPRS Accuracy Standards
For Large-Scale Maps

Appendix E
Planimetric and Topographic Feature
Depiction Specifications

Appendix F

Guide Specification for
Photogrammetric Mapping and
Aerial Photography Services



